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MOTIVATION
• Power exhaust in ITER is not solved problem
• ITER like wall at JET 

need to develop integretad plasma scenarios
– Successful experiments at JET with seeded impurities to reduce heat load to 

target plates:

�Type III ELMy H-mode discharges with nitrogen seeding – high density

γrad = 80%, n=nG, H=0.75 (Ip=2.5, 3 MA)
�Type I ELMy H-mode discharges with nitrogen seeding

� Neon seeded AT discharges (Ip=1.9 MA, BT=3.1) – low density

– Similar experiments at AUG with nitrogen seeding

TOOL
• Long experience in coupled core-edge modelling 

• COREDIV code to investigate integrated tokamak scenarios has been developed

AIM
• Comparison of the COREDIVcode results with AUG experimental data

Introduction
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Interaction between bulk and edge plasma 
is a complex phenomena involving a lot of 
physics processes
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COREDIV = 1D transport in the core self-
consistently coupled to 2D model in the 

SOL

•It follows our experience with simpler self-consistent models (0D + 1D)
successfully used to simulate FTU plasmas 

•Aims at steady state description of plasmas with impurities

In order to be able to treat simultaneously both plasma regions, core and edge,
the COREDIV code was developed
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Basic elements of the coupled 
core-edge model

In order to describe the core and edge plasma self-
consistently the following items has to be considered:

•Equations and transport model for the core 

•Equations and transport model for the SOL

•Sources and boundary conditions
�Atomic processes

�PWI processes
�Neutrals

�Heating
�Fueling

•Numerical code solving self-consistently transport in both 

regions
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Equations and transport model 
for the core plasma - Background ions

1D transport of particles (ni) and energy (Te, Ti):
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Transport model for background ions

Anomalous transport described by simple model:

τE from experimental ELMy H-mode 

scaling

F(r) – profile function
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Impurity ions

Usually anomalous transport same as for background 

plasma (ambipolarity)

Core plasma

•Different types of impurities are treated simultaneously and self-consistently
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Core plasma

Neutrals
(hydrogen, impurity) calculated from simple analytical model: 

•exponential decay of neutral density from the separatrix
•e-folding length - function of plasma parameters

Coupling with the SOL plasma through the boundary 
conditions at the separatrix:

ni, nz,Te, Ti – from SOL model

Pinp, Γinp – calculated from core model
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� 2D MULTIFLUID DESCRIPTION OF PLASMA - Braginskij-like equations

� CLASSICAL TRANSPORT ALONG FIELD LINES (21 - moment Grad approximation)

� RADIAL TRANSPORT: 
anomalous: constant diffusion coefficients

� TWO TEMPERATURE MODEL
all ions have common temperature

� DRIFTS AND CURRENTS 
NEGLECTED

� ATOMIC PROCESSES: ionization, recombination, 
excitation, charge exchange

� NEUTRALS (Analytical model for neutrals accounts for plasma recycling and impurity   
sputtering (also by seeded impurities). Recycling is an external parameter

� MAGNETIC TOKAMAK GEOMETRY (SLAB MODEL)

BASIC MODEL ASSUMPTIONS OF 2D SOL MODEL
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SOL plasma
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•Boundary conditions:
sheath, decay lengths; input fluxes from the core part of the model

•Intrinsic and seeded impurities – gas puff at different positions

He, Li, Be, B, C, N, O, Ne, Si, 
Ar, Ti, Ni, Mo, W

SOL plasma

Tungsten sputtering yields
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Main Limitations of the Model

• Slab geometry – one target plate

• No drifts 

• Simple model for neutrals – detachment can 
not be modeled correctly

• Current density given ( no evolution of 
magnetic field)

• Plasma rotation neglected
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Benchmarking of the code  



O-12 R.Zagórski, 13th PET Workshop, 19-21 September 2011

COREDIV checked against a number of JET 
discharges:

� Type I ELMy JET discharges with Nitrogen and Neon 
seeding

� Type III ELMy JET discharges with Nitrogen seeding

� JET AT (advanced tokamak) scenarios  with Neon 
seeding

Benchmarking of the COREDIV code
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Simulations of  Type III ELMy JET discharges with Nitrogen seeding

Benchmarking of the COREDIV code
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Simulations of Nitrogen seeded 
AUG discharges

To justify prediction results for ITER anf JET ILW 
comparison with plasma parameters in a full W environment necessary 
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Assumptions:
• Constant carbon influx: ΓC = 5.5x1020 s-1

• Minimum nitrogen seeding ΓN > 1x1020 s-1 (nitrogen legacy 
effect)

• Transport with edge barrier (5 cm, A=0.15)

• nsep = 0.5 <ne> the hydrogen recycling coefficient 

(0 < RH < 1) was iterated accordingly
• The same geometry for all simulations (a=60 cm)

• Pe
aux/Piaux = 3/1

Simulations of Nitrogen seeded 
AUG discharges

�18 shots out of 49
�3 different scans selected (power and density scans)
�Two shots selected (without nitrogen) to fix the code 
parameters: nsep, Dperp=0.25 m2/s, DZ=Dperp, low Z impurity 
level ���� ΓΓΓΓC
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Power scan 1 - <ne>=8.3-8.4x1019 m-3

8 9 10 11 12 13
0

10

20

30

8 9 10 11 12 13
0.6

0.7

0.8

0.9

1.0

8 9 10 11 12 13

60

70

80

90

100

 
 

Γ
N

p
u
ff
 [
1
0

2
0
 s

-1
]

P
aux

 [MW]

 EXP

 COREDIV 

 

 

W
m

h
d
 [
M

J
]

P
aux

 [MW]

 EXP

 COREDIV

 

 

τ E
 [
m

s
e
c
]

P
aux

 [MW]

 EXP

 COREDIV

8 9 10 11 12 13
0.1

1

10

8 9 10 11 12 13
0

2

4

6

8

10

8 9 10 11 12 13
1.0

1.5

2.0

2.5

3.0

 

 

C
O

N
C

 [
1
0

-3
%

]

P
aux

 [MW]

 EXP

 COREDIV

 

 

P
o
w

e
rs

 [
M

W
]

P
aux 

[MW]

 P
rad

-exp

 P
div

-exp

 P
rad

-mod

 P
div

-mod

 

 

Z
e
ff

P
aux

 [MW]

 EXP

 COREDIV



O-12 R.Zagórski, 13th PET Workshop, 19-21 September 2011

5 6 7 8 9 10 11 12 13 14
0

5

10

15

20

5 6 7 8 9 10 11 12 13 14
0.5

0.6

0.7

0.8

0.9

1.0

5 6 7 8 9 10 11 12 13 14
60

70

80

90

100

110

 
 

Γ
N

p
u
ff
 [
1
0

2
0
 s

-1
]

P
aux

 [MW]

 EXP

 COREDIV

 

 

W
m

h
d
 [
M

J
]

P
aux

 [MW]

 EXP

 COREDIV

 

 

τ E
 [
m

s
e
c
]

P
aux

 [MW]

 EXP

 COREDIV

Power scan 2 - <ne>=7.1-7.5x1019 m-3
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Power scan 2Power scan 1

Comparison with experimental profiles
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Radiation pattern

Psol=1.2 MW

Pcore=2.1 MW

Psol=1.6 MW

Pcore=4.9 MW

0.0 0.2 0.4 0.6 0.8 1.0
0

50

100

150

200

250

300

 P
rad

@5

 COREDIV

 P
rad

@2.7

 COREDIV

SHOT #23223

 

 

P
ra

d
 [k

W
a
tt

/m
3
]

Plasma radius [r/a]

0.0 0.2 0.4 0.6 0.8 1.0

1

10

100

 Prad_tot

 Prad_W

 Prad_N

 Prad_C

SHOT #23223@5 

 

 

P
ra

d
 [k

W
a

tt
/m

3
]

Plasma radius [r/a]

COREDIV simulations

P
aux

=13.6 MW

0.0 0.2 0.4 0.6 0.8 1.0
1

10

100

 Prad_tot

 Prad_W

 Prad_N

 Prad_C

SHOT #23223@2.7 

 

 

P
ra

d
 [k

W
a
tt

/m
3
]

Plasma radius [r/a]

COREDIV simulations

P
aux

=6.2 MW



O-12 R.Zagórski, 13th PET Workshop, 19-21 September 2011

Radiation pattern

Psol=1.76 MW

Pcore=1.89 MW

Psol=3.4 MW
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W radiation is the dominant energy loss mechanism in most cases
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Effect of edge density
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Summary

1. Self-consistent COREDIV code applied to simulate AUG experimental 
data 

• full W environment

• nitrogen seeding

2. Global parameters reproduced by the code for majority of shots:

• Very good agreement with core global parameters

• Not all experimental results steady state

• Experimental energy balance not perfect 

• COREDIV shows significantly larger W concentrations (factor 3-10)

3. Plasma profiles reasonably simulated by the code:

• density and temperatures (COREDIV temperatures slightly lower)

• Zeff

• plasma radiations

• COREDIV shows that W radiation is the dominant energy loss 
mechanism in most cases 

4. Simulations show that core-edge coupling is the primary mechanism 
determining the plasma parameters in AUG
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Thank you for your attention 
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